While this paper does not contribute new information concerning the milling of sorghum, the technique discussed is judged to be of interest where traditional hand pounding methods are too time-consuming
Introduction
Sorghum is one of the important food cereal grains in Africa and Asia. Its two major disadvantages are problems of nutrient uptake (presence of anti-nutritional polyphenols and tannin) and the need to grind the grain to make sorghum Hour. In recent years research has started to replace hand processing with pilot plant machines for sorghum milling [1] [2] [3] [4] . Different milling machines such as a barley pearler, an abrasive mill, and a Bühler mill, in addition to various tempering conditions. have been tried to improve the milling quality of sorghum.
According to one group [5] the maximum yield of low-fat sorghum flour was obtained after eight hours of tempering. In our study two methods were used to mill high-and low-tannin sorghum grains: a single-step and a two-step process. In the latter. the grain was dehulled before milling. The study also determined the optimum conditions for tempering and dehulling the grain, and the effect of troth milling techniques in reducing tannins and improving the nutritional quality of the flour obtained.
Materials and methods
The names, sources, and properties of the varieties of sorghum (Sorghum vulgare) used in this study are shown in table 1. 
Technological methods
Tempering Clean, whole sorghum grains were mixed with a computed amount of water to raise the moisture content to 12% 14%. 16% and 18% using a wheat-tempering laboratory mixer, type DKM 20. After 18 hours conditioning at 20°C-22°C, the grain was dehulled and milled.
Single-step milling process
The tempered grains were milled using Bühler automatic laboratory mill type 220 [1] . The milled fractions were weighed, and the percentages of flour I, flour II, shorts I, shorts II, and bran were calculated from the initial grain weight.
Two-step milling process
The tempered grain was dehulled for one, three, and five minutes using a vertical shelling machine, type 270 (F. H Schulle GmBH). The dehulled products were sieved and the percentage of dehulled grain was measured. The dehulled grain was milled using a Bühler mill, and the percentages of the mill fractions obtained were calculated from the initial grain, weight.
Analytical methods
Moisture, ether extract. protein, starch, ash, and crude fibre contents were determined as described elsewhere [6] . Tannin content was estimated according to the method of Price et al. [7] and calculated as catechin equivalent. The automatic recording amino acid analyser (Kontron, Anocomp 500) was used to determine amino acids in sorghum grain before and after dehulling. Table 2 illustrates the effect of the degree of tempering on the yield of mill fractions and the content of polyphenols. The data show that increasing the degree of tempering from 12% to 16% was associated with a decrease in the yield of flour I and its polyphenol content and an increase in the yield of bran, shorts II, and flour II fractions. Among sorghum varieties, the thin-pericarp Giza 15 variety gave the highest yield of polyphenol-free total flour, while the thick-pericarp BR variety gave a low flour yield with a high polyphenol content. Because of the presence of testa in the BR variety, its flour fractions, particularly flour II, contained large amounts of polyphenols compared with the two Egyptian varieties.
Results and discussion

Single-step milling process
According to the theoretical calculation, the flour yield of sorghum should be more than 80%, as in wheat, but in fact it was lower than that. This might be attributed to the differences in both the morphological and histological characteristics of the sorghum grains as compared with wheat grains. After tempering, the endosperm became soft and friable, and when sheared by the first roll or break, it split into some endosperm particles (endosperm middlings) and flour.
These particles found their way into shorts, and consequently, the milling yield was lower than expected. Therefore, tempering of sorghum grain at 16% moisture content and at 20°C-22°C was found to be sufficient to allow the endosperm to be scraped away carefully from the bran.
The specifications of the milling fractions obtained at 16% tempering are shown in table 3. Generally, two types of products were obtained from sorghum milling, flour and millfeed. The proportion of the first type varied from 66% to 74%, which was composed of 51%-55% flour I (break flour plus reduction, or "patent, " flour) and 14%-19% flour II (from remilling of shorts I in a small Bühler mill). The millfeed (bran plus shorts II) represented 25%-32%, composed of 6.8%-7.4% bran (seed coat plus part of the germ) and 18.3%-24.5% shorts (coarse middlings and germ). Because the Giza 15 variety is a thin-pericarp sorghum and has a hard endosperm, it gave the highest flour yield and the lowest millfeed, followed by the NES 1007 and then the BR variety.
Concerning the bran from the three varieties, the protein and crude fibre contents were lowest and that of ash was highest in the BR variety, while the protein was highest in NES 1007. In the case of shorts, protein, fat, and crude fibre were lowest in BR and starch was lowest in Giza 15.
The flour from the BR variety was found to contain less protein, fat, and ash and more starch than that from the other two varieties. Ash content was greatest in the flour from NES 1007.
The polyphenols were mostly concentrated in the bran, followed by shorts, flour II, total flour, and flour I. The distribution was clear in the case of the BR variety, which was distinct in its testa layer. Polyphenols were absent completely from the flour obtained from Giza 15, and were present only in traces in that from NES 1007.
Carbohydrates other than starch were highest in the bran fraction, followed by shorts, flour II, and flour I.
As shown by these data, large amounts of endosperm found their way into the shorts fraction and this led to a reduction in the milling yield. Moreover, flour from the BR variety had a high polyphenol content (1%), which affects the flour colour and perhaps its products. Sorghum bran and part of the germ are easily pulverized to fine particles that are difficult to separate from the flour by sieving [8] . Thus the problem is how to remove them from the flour. To improve the separation, a two-step milling process was suggested in which the grains would be decorticated to remove the bran layer in the first step, while in the second step the dehulled grains would be ground into flour in a roller mill.
Two-step milling process
Dehulling
The results of subjecting the sorghum grains to different times of dehulling (one, three, and five minutes) and at different tempering percentages (12%-18%) are shown in table 4. Dehulling yields decreased when both time and tempering percentage increased. Both of the Egyptian varieties gave higher yields than the BR variety. This might be attributed to the smaller grain size and the presence of testa in BR. The dehulling yield (abrasive dehuller) varied from 69% to 98% for 31 non-testa-containing and 41% for testa-containing sorghum varieties [9] .
Three minutes of dehulling were suitable to remove the bran from the Egyptian varieties, while five minutes were needed for the BR variety (with a testa layer). Increasing the tempering over 16% moisture content reduced the dehulling yield and did not reduce the polyphenol content. These conditions also caused a reduction in polyphenol content from 1.03% to 0.1% in the BR variety but not in the Egyptian varieties.
The results of the proximate composition of whole and dehulled grains at 16% tempering showed marked reductions in polyphenol tannins (84%-96%), physic acid (70%-80%). crude fibre (70%-75%), ash (32%-53%), and oil (27%-39%). These were accompanied by a slight decrease in protein (4.5%-8.3%) and an apparent rise in starch content after three to five minutes of dehulling. Generally, these reductions were more pronounced in the BR than in the Egyptian varieties. Grinding Table 6 gives the milling fractions of the dehulled grain. The two-step method increased the flour I fraction yield and gave a lower yield of both flour II and total flour than the single-step method. The shorts fraction yield was lower with the two-step process. The bran fraction yield with that process increased over that removed during dehulling and by Bühler mill grinding. This technique led to a marked reduction in polyphenol content in all milled fractions except bran as compared with the single-step milling process. It also resulted in an increase in starch and a decrease in ether extract, ash, and crude fibre in the milled fractions as compared with the single-step method.
Generally, to obtain a satisfactory flour yield associated with good quality (colour, chemical composition, and nutritional value), the hulls of grain must be removed before dry milling. This is especially true when sorghum grain has a pigmented testa layer and thick pericarp. The resulting fractions by the twostep method were very low polyphenol levels, high starch levels, and nearly the same protein values as testa, with a white or yellow pericarp and large grain those obtained from the single-step method. In the size, dehulling before milling was not necessary. case of low-polyphenol sorghum varieties, free from
